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As technology advances so to must the manufacturing industries. Traditional manufacturing processes although widely used are becoming outdated as faster and more effective tools for rapid prototyping and other effective methods becomes a reality. All this at a more attractive price point for smaller businesses. Until now the MAM (Metal Additive Manufacturing) 3D printing options were only accessible to the bigger sectors aerospace and medical.
This in most cases this requires the work piece to be reworked and specifically designed with an Additive Manufacturing approach. There are various CAD CAM packages out there tailored to suit the unique AM possibilities.
One of the key challenges is the knowledge gap in the industry which is typically bias towards the traditional subjective manufacturing processes.

[bookmark: _Toc31989560]Aims
The aim of this report is to understand the traditional methods of subtractive manufacturing process and current material used for turbocharger casting.
With this understanding explore the different additive manufacturing processes currently available and also the materials which can be utilized in powder form.
[bookmark: _Toc31989561]Introduction
[bookmark: _Toc31989562]Functional requirements
[16] The main functional requirements of a turbocharger are to be able to withstand the forces, pressures and heat generated by the waste exhaust gases as a byproduct of the internal combustion procedure. The turbo charger uses these gasses to rotate a turbine wheel (typically between 150-330K RPM) which is mounted to a shaft and a compressor wheel which acts to charge the air entering the engine to ultimately produce more power. The material used for the turbine wheels are typically nickel based alloys due to their heat resistant properties – can be exposed to Exhaust Gas Temperatures (EGT) of 1,000°C 
[bookmark: _Toc31989563]Materials currently used for production
The turbine housings are constructed of an alloy containing a mix of Nickel, Silcon, Magnese, Chromium and copper known as Niresist – this material is highly resistant to corrosion / abrasion and also the high heat found in the body of the turbocharger.
The housing for the bearings is constructed of a cast Iron.
The exhaust turbines need to be especially resistant to the high temperatures the turbo is subjected to. So, these are constructed using a super alloy called Inconel. This has a much higher Nickel content, Chromium, Cobalt, Iron 
[bookmark: _Toc31989564]Types of Casting
[1] The most common method for the mass production of the turbine housings is casting. Casting is the process by which a molten material is harden into a molded shape using a mold there are various types of casting used in manufacturing;
[bookmark: _Toc31989565]Investment casting
[2] This is also known as lost wax casting due to the use of a wax to make the pattern to be molded - once the shape is formed the wax is coated in a resistant material usually ceramic based. The wax is melted away in a furnace and the molten metal poured in takes the shape of the cast. This process means the wax pattern is lost.
There are advantages and disadvantages to this type of casting;
·  This produces a higher level of detail and tolerances
· Typically, higher tooling costs though.
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[3] This method uses a mold known as a flask, which is split into 2 pieces these are know as the cope (upper section of the mold) and the Drag (lower section of the mold) firstly the casting form is made known as a pattern. Prior to the pattern being inserted into the lower section of the mold it is coated in parting compound to ease the removal of the pattern part before the molten material is added. The upper section of the mold is added which include features designed to allow the molten material to enter the casting. After the sand is compressed into the intricacies of the pattern and any surplus sand cleaned up the mold is opened, and the pattern taken out. Molten material is then added through the top access channels. Additional features in the upper section of the mold allow calculated adjustments to temperatures as the casting solidifies to ensure the desired pattern in made without any shrinking taking place.
The final stages are to break open the mold and remove the casted shape.
There are pros and cons to using sand casting 
[4] Pros
· Can use both ferrous and none ferrous alloys.
· Ideal for smaller runs as the tooling costs are less so with sand casing
· Adaptable to any shape or size from a few kilos to thousands of kilos in weight.

[4] Cons
· Not as accurate as other processes
· Space required in order to store the various patterns used for the castings. More so a concern for seldom used patterns.
· Additional processes required to achieve the desires final finish
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[17] This as the name states uses plaster to form the mold around a master pattern. This form of casting is used for materials with lower melting points the non-ferrous alloys with an such as Copper, Nickel, Aluminum, Magnesium, Titanium. 
[image: Image result for plaster casting metal molds]
There pros and cons of this type of casting process;
Pros
· Able to create thin -walled intricate shapes
· High level of Dimensional Accuracy
·  Less stress induced on the material due to lower process temperatures
Cons
· Processing times longer than the other casting methods
· Lower temperatures for melting and slower times for cooling can result in less desirable material characteristic 
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[18] Uses a mold cavity with specifically harden tool die halves and molten metal forced into this cavity under high pressure. Once the molten metal is injected into the cavity it rapidly cools – talking the shape of the dies, these can be very geometrically intricate.
Two types are used; 
Hot chamber which is used for metal with lower melting points 
[image: This is the hot chamber die casting process when the plunger is in the "up" position. ]
https://www.cwmdiecast.com/blog/wp-content/uploads/hot-chamber-die-casting-function.png
and conversely the cold chamber which is for the metals with a higher melting point.
[image: This is an illustration of the cold chamber process. The ladle is pouring the molten metal alloy into the shot chamber. ]
https://www.cwmdiecast.com/blog/wp-content/uploads/cold-chamber-die-casting-process-ladle-pouring-metal.png
As with any injection molding process some design rules must be followed: for example, the part should be thin walled with uniform thickness – this will ensure a uniform cooling period. Sharp corners should be avoided and rounded off – this will prevent any concentration stress fractures.
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Additive manufacturing processes such as Powder Bed Fusion are used for creating metal 3D printed parts from a special powered metal compound and a laser or heating process.
[5] Additive manufacturing has been around for a few decades now but was only previously available to the aerospace and medical sectors due to the capital required to invest in the machines and the machine time to run the prototype parts. in third technology and the limited – however as the access to the technology and the pricing of the machinery becomes more readily available private startups and to some extend hobbyists are able to utilize the possibilities

[bookmark: _Toc31989570]Selective Laser Melting (SLM)
 [5] This process uses a pure metal powder which undergoes precise laser heating, to sinter the metal power into a solid compound. There are some critical design considerations when using this process for manufacturing 3D metal parts from powdered metal. Chief among which is that of the support structures – these support structures other than being for physical support can also help to draw away the high surface heat temperatures required to solidify the powder into the design part. This helps to control the risk of warping once the material is cooling.

Pros 
· A wide library of metal powders exists for use in the Additive Manufacturing process 
· Lead tine reductions – rather than having various tooling heads and machining the part from a solid block (subtractive manufacturing) the printer is the tool.
· As such the machine can manufacture various SKUs simultaneously
· Less wastage of material <5% of powder is wasted in processing.
Cons
· Consideration needed for Designed for AM efficiencies. Cannot simply build a part which is designed to be manufactured in the traditional manner
·  Additional Operator skillsets required 
· To ensure an engineering fit parts require post -processing
· Some waste present in support material physical and processing time.
[bookmark: _Toc31989571]Direct Metal Laser Sintering (DMLS)
[5] This is very similar to SLM but differs as the process fuses metal alloys 
[bookmark: _Toc31989572]Electron Beam Melting (EBM)
[6] Electrons are extracted from a tungsten filament via an electron gun – the beam from the gun fires the electrons to the powdered metal, a layer at a time just like the other Powder Bed Fusion systems
In order for the electron beam to function correctly the process must be under vacuum, the main point to this is that the vacuum avoids oxidisation when up to operating temperature.
Pros
· Reducing processing times – the electron beam has the ability to be split in order to work on different portions of the bed at the same time.
· Less support material is needed as the electron beam can preheat the powder to mitigate the risk of deformations.
Cons
· Not as precise as the other processes due to the width of the beam.
· Cannot produce parts as large as the other methods

[bookmark: _Toc31989573]Ultrasonic Additive Manufacturing (UAM)
[7] UAM utilizes sound waves to combine layers of material from metal foil stock.
Lower temperatures needed to weld the materials result in lower stress conveyed to the material.
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[9,10] What is key to understand is that the parts which are designed for the traditional manufacturing processes will not simply translate direct to AM – instead it is required that the part is redesigned for AM and in some case the design for AM can contain features which would be incredibly difficult if not impossible to reproduce in traditional processes – an example being complex internal cooling structures for a part.
Post processing operations are required where a proper engineering fit is required also for removal of support material
Specifically focusing of the complex needs of the exhaust turbine wheel in the turbo which as outlined in the introduction must be able to withstand high levels of stress from pressure, heat and mechanical factors experienced downstream from the internal combustion process.
The superalloy Inconel with this high chemical composition of Nickel and Chromium provides a much greater resistance to oxidisation at high heat in comparison to traditional stainless-steel metals. It is also able to withstand repeated and rapid heat cycles.
Direct Metal Laser Sintering (DSLM) would the chosen as the new manufacturing process for a multitude of reasons; 
Inconel is very expensive so significant savings can be made as the level of waste material is reduced dramatically as any excess powder not melted in the process is scavenged to be used in another run. This differs from the traditional subtractive manufacturing in which a solid block of material is purchased and the desired shape machined out using milling / drilling processes. The material which is removed cannot be reused. 
[12] The Power consumption of a DSLM machine is higher than that of a traditional milling machine, peak power consumption occurs whilst spreading the powder layer 3.5kW  
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